Abstract: Degradation processes cause huge material and economic losses all over the world. On one hand, in today's globalised society, various climatic changes occur affecting products in different ways. On the other hand, different specific degradation media exist in specific branches of the human activity. Due to the influence of the degradation environment (media), destruction can set in. The aim of the laboratory experiments was to evaluate the influence of the degradation environment occurring mainly in agriculture. The adhesive bond strength properties as well as the influence on adhesive bonded materials were evaluated. For the degrading environment tested, a natural and an artificial fertilisers, machine oil, and water were selected. Also, the influence of corrosion was tested on the bonded material. The surfaces of adhesive materials debased by corrosion inevitably stop fulfilling their functions. The degree of the corrosion effect depends mainly on the type, the material structure, and of course, on the corrosion environment.
Bonding technology is one of the methods of connecting various materials. Its use is limited by two basic circuits of factors. Negative technological factors, such as the unsuitable integrity of bonded surfaces, unsuitable selected film of adhesive in the joint etc., can be eliminated already in the bonded joint preparation and formation.
On the contrary, the factors of the outside medium influence the joint especially by changes in temperature and moisture, by the contact with water and chemicals, and by atmospheric corrosion. It is necessary to consider these factors as practically uncontrollable, however, in the bonding technology application their action is relatively significant.
Although both above-mentioned factors influence in complexity the bonded joints properties, above all their strength, partial examination of each single factor by laboratory tests is important, namely with regard to the concrete adhesive type and to the bonded material. For the bonding technology limit determination in the conditions of agriculture, it is necessary to analyse the specific degradation conditions appearing just in this field. Fertilisers are a specific and, at the same time, a very aggressive category of degradation mediums. This is the reason for laboratory experiments performed in this direction (Vahab 2000) .
For the objective evaluation, it is necessary to focus not only on the pertinent changes of stress but also on the bonded material. The degradation medium also influences, more or less, the bonded material. In the extreme, the destruction can occur of the bonded material owing to corrosion. After a certain time, the bonded material surfaces debased in such way stop fulfilling their function. The rate of the corrosion attack depends mainly on the sort and structure of the bonded material and, of course, on the corrosion medium (Arnott et al. 1992) .
Corrosion is an undesirable change of the material surface, caused by electrochemical and chemical influences of the surrounding medium. We define it as the material degradation whose final result is a partial or total material disarrangement (Mohyla 1995; Pošta 2002) .
Optimisation of the corrosion prevention issues from the corrosion processes and from the mechanism of the corrosion protection. The way of the optimal system planning follows from the specification of the function demands and from the medium corrosiveness determination. Economical demands, which must be taken into consideration, are an integral part. On the basis of all these input parameters is it possible to propose and determine the system of protection.
MATERIAL AND METHODS
The aim of the laboratory experiments presented were was the evaluation of the degradation medium influence on the mechanical properties of bonded joints taking in consideration the bonded material corrosion. The experiments were carried out according to the standard ČSN EN 1465 (1997 which determines the tensile lap-shear strength of rigidto-rigid bonded assemblies. The substance of the test is the determination of maximal force which acts parallel with the bonded surface and with the principal axis of the assembly up to the failure. This method corresponds to the operational stress. The force measured at the bonded joint failure is the test result. The tested assemblies were prepared by bonding two adherents of dimensions 100 ± 0.25 × × 25 ± 0.25 × 1.6 ± 0.1 mm. The specified overlapping was 12.5 ± 0.25 mm (ČSN EN 1465 1997 .
Laboratory tests were carried out using the standardised test specimens made according to the standard ČSN EN 1465 (1997 from the constructional plain carbon steel S235J0. The chemical composition is presented in Table 1 .
Prior to bonding, the surfaces of the bonded specimens were blasted using Al 2 O 3 of F24 grain size. Using the profilograph Surftest 301, the following values were determined: Ra 2.4 µm (the arithmetic mean of the departures of the profile from the mean line), Rz 15.3 µm (the average of maximum peak-tovalley length of five consecutive sampling lengths), and Rt 20.2 µm (maximum peak-to-valley length within the assessment length).
For bonding, the two-component epoxide adhesive Bison epoxy universal was used. The components were mixed in the ratio 1:1, the mixture being treatable up to 120 min. The heat stability is from -50°C up to +180°C. The adhesive is suitable for bonding metals, ceramics, and plastics. The perfect curing comes after 24 hours. The orientation strength of the bonded joint is 17 MPa (Firm Materials 2007) .
The bonding was carried out using a glass panel. The adhesive was applied on one specimen so that the whole surface was evenly coated in the designated length (12.5 mm). In this layer, two distance wires of 110 µm diameter were placed. The distance wires were laid down parallel to the load force direction of the tensile strength test. Then the second specimen (steel sheet) was put to so that the overlapping of 12.5 mm was reached (according to the standard).The upper specimen was laid using a sheet of equal thickness (1.5 mm) and the assessment was aligned according to the longitudinal axis. Then the assembly was loaded using the weight of 720 g and left in the laboratory for the time prescribed by the instructions (24 hours) for curing at the temperature of 22 ± 2°C (laboratory temperature).
After curing, the marking of the individual assemblies and placing them in relevant mediums followed. As the degradation mediums, water bath, slurry, fertiliser LV15 (granulated, 15% N), and engine oil were used. The slurry composition is very different. During storage, the nitrogen organic acids decompose and lose the action ability in this way (Richter et al. 2002) .
The strength values of the bonded joints as influenced by these four basic degradation mediums occurring in agriculture were compared with the values measured under laboratory conditions. The degradation processes were evaluated continuously during determined time intervals. The time period between the individual intervals was 15 days starting from the day of total curing. The last measuring was carried out after 90 days in the degradation medium provided that the strength occurred in the measurable range.
Each cycle was finished by the destructive testing of the bonded joints using the universal tensilestrength testing machine. After the joint rupture the maximal force was read, the overlapping length was measured with an accuracy of 0.05 mm, and the rupture type was determined according to ČSN ISO 10365 (1995) . Then the overlapping surface (1) and the strength of the bonded joint (2) were calculated (ČSN ISO 10365 1995) .
where: S -surface of the bonded joint (ČSN EN 1465 1997) (mm 2 )
l u -overlapping length (mm) b -overlapping width (mm) Further the corrosion was evaluated of the bonded material, which was without any corrosion prevention. The corrosion loss was determined by weighing, using at first the balance weighing machine Chirana P3/200 of 0.1 g accuracy. The determined orientation weight served for the adjustment of the balance weighing machine WA type PRL T A14 of 0.00001 g accuracy. For the inaccuracy reduction, the measuring was carried out repeatedly and then evaluated.
RESuLTS
The results of the laboratory experiments are presented in Figure 1 . The experiments were carried out according to the standard ČSN EN 1465 (1997 .
Single bonded joints were destructively tested using the universal tensile-strength testing machine. From the results presented in Figure 1 the influence of various degradation mediums is evident. The time behaviour is illustrated by the polynomial function of the second degree which was derived from the correlation field of the measured points showed in the XY graph.
For the correct evaluation, it is also important to determine the dependence intensity of the given dependence. It is the task for the correlation analysis. The closeness of the dependence is measured by the use of the determination index whose values can vary from 0 up to 1. According to the statistical evaluation, the closeness R 2 for all the evaluated degradation mediums is very high. For laboratory environment the closeness R 2 is high. The orientation strength declared by the producer was reached. After curing, the strength of the bonded joints was about 18.9 MPa. According to the course of the curves, it is possible to state that the strength decrease of single joints is expressive. By the comparison of the curve which represents the laboratory conditions with other curves which represent the degradation mediums, it is clear that a considerable danger of the stress decrease exists. This dangerous phenomenon should direct towards the prevention from the access of the degradation mediums mentioned or at least towards the limitation of their action time.
The real course of the measured values is better expressed by the line chart presented in Figure 2 , 
showing the influence of the degradation mediums (water bath, fertiliser LV 15, and slurry). Using these mediums, a rapid strength decrease occurred after 45 days. Not only the fracture type was determined (also presented in Figure 2 ), but also the diffusion of the degradation mediums into the bonded joint. In this way the functional surface continuously decreased and a very fast strength reduction occurred.
On the basis of the picture analysis, the failure type was determined. The cohesive fracture type was found with the specimens placed in the laboratory. Fracture types of the specimens placed in four degradation mediums were different. In the first phase, the fracture type of all joints was cohesive. Later, the fracture type changed in the dependence on the degradation medium (see Figure 2) . When the adhesive failure was identified, corrosion under the adhesive layer was found at the same time and due to this the adhesive strength decreased. This ascertainment offers the explanation for the bonded joints fast strength reduction. Not only a decrease occurred of the cohesion strength by the diffusion of moisture and chemical substances, but also a decrease of the bonding power -adhesion.
The degradation of the bonded material (steel S235J0) showed itself by its weight loss and the outward change. For the corrosion loss evaluation, the measured bonded specimen surface of about 10 750 mm 2 was taken into consideration. Figure 3 presents the measured values. The corrosion behaviour of the bonded material was considerably influenced by the degradation medium.
The highest values of the tested assemblies weight loss were determined with the exposition in slurry. The closeness R 2 of the curves was determined in the interval from 0.933 up to 0.985, thus very high.
The fertiliser dissolved in water bath was determined as the second aggressive medium. Here the increase of the corrosion weight losses stopped after 60 days. This phenomenon was caused by the creation of a continuous layer on the surface.
An even corrosion layer was found with slurry, fertiliser, and water bath. An uneven corrosion layer occurred in the test assemblies placed in the oil bath and in the laboratory.
CONCLuSION
On the basis the experiments carried out, it is possible to state that the resulting strength of bonded joints decreases with increasing time of exposition to the active surrounding medium. The strength decrease depends on the surrounding medium specific conditions.
In laboratory conditions, that is at 22 ± 2°C and 45 ± 5% relative humidity, the average strength decrease of 9.5% was found after 90 days. However, a significant strength decrease occurred after the first 15 days, when the strength decrease as compared with the values obtained after 24 hours (time necessary for perfect curing) was 3.7%. (0.7 MPa). The following strength decrease of 1.17% (0.22 MPa) after each 15 days was stable. On the basis of the standard deviation calculation, the average variance of 0.37 MPa was determined. The almost minimal strength decrease of the bonded joint was perceptible under laboratory conditions. Only the cohesive failure type occurred. Accordingly, with all bonded joints exposed to various degradation mediums a significant strength decrease occurred in the first 15 days, namely in slurry by 19.1% (3.62 MPa), in fertiliser LV 15 by 24.9% (4.72 MPa), in engine oil by 12.26% (2.33 MPa), and in water bath by 24.14% (4.57 MPa).
With bonded joints exposed in slurry, a considerable strength decrease occurred already after 45 days, namely by 53.25%, and also the failure type changed to the adhesive one.
The bonded joints exposed in fertiliser LV 15 were also very much degraded. After 90 days, the strength decrease was by 76.2%. A significant decrease occurred after 45 days. The failure surface evaluation revealed a change in colour from transparent to yellow over the whole cross section. This fact attests to the penetration of the fertiliser dissolved in water into the adhesive.
In the engine oil, almost continuous degradation occurred, in average by 4.39% after each 15 days. After 90 days, the total strength decrease was 34.2%. The failure surface was completely of the adhesive type, the engine oil was contained in the whole cross section.
The last degradation medium was the water bath, which is used very often. After 90 days, the strength decrease by 90.3% occurred. As well as with the fertiliser and slurry, the critical strength decrease occurred after 45 days.
The environment, and also the degradation mediums, are significant factors influencing the bonded joints quality. Many times the bonded joints spontaneous destruction can occur after a very short time if these parts are exposed to the degradation mediums. 
